mammalian species decreased by more than 30%, while more than 40% of species experienced serious population decreases (> 80%). It is estimated that 42% of the 3623 species of terrestrial invertebrates and 25% of the 1306 species of marine invertebrates placed in the International Union for Conservation of Nature (IUCN) Red List of endangered species have been classified as threatened with extinction [2] . The extinction and emergence of new species is a natural process. The problem however, comes the pace of this phenomenon. It is estimated that the extinction of species in the world without humans progressed at the rate of one species per five years. Currently, it is said that four species die daily in Brazil [3] .
The Rio Summit in 1992 and, consequently, the Convention on Biological Diversity, increased global awareness of the importance of sustainable development for the protection of wilderness. Agriculture is an inseparable element of this phenomenon, because agricultural practices can potentially destroy, protect or create biodiversity -especially in the case of grasslands, which are considered potential habitats rich in plant, animal and microorganism species [4] . Unfortunately, for a long time the agri-environmental policy of the European Union was largely focused on mitigating the harmful effects of agricultural intensification, and relatively small support was allocated to the development of sustainable agricultural systems that are socially and economically attractive to farmers and that introduce land management practices beneficial for wilderness [5] .
As mentioned above, one of the functions of permanent grassland (beyond predictive) is to maintain the optimal level of biodiversity in the agricultural landscape, ensuring ecological stability of multi-species, meadow-plant communities, and being a refuge of many species of animals -including rare and legally protected. However, it should be emphasized that this mainly concerns meadows and pastures of a natural and semi-natural character [6] [7] [8] . It is estimated that there are only 70,000 species and living organisms, including about 3,000 species of vascular plants and [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] ,000 animal species in Poland. This is determined by the traditional agricultural economy (especially in regions with a mosaic-like structure of agriculture), the high share of permanent grasslands, and the occurrence of semi-natural areas, including wetlands -a large part of which are located in Natura 2000 areas. Almost half of the types of plant communities occurring in Poland are in habitats in rural areas, and the main refuge for biodiversity is extensive meadows, pastures, ponds and forests [9] . Out of 81 natural habitat types from Annex I of the Habitats Directive occurring in Poland, at least 16 are associated with arable land. Among them are five types of habitats of priority importance [10] . Among endemic vascular plants in Europe, 18.1% are associated with grassland habitats -almost twice as much as in forests, although the latter cover much more land area [11] .
One of the indicators of the state of biodiversity in areas used for agriculture in the European Union is the index of abundance of common agricultural landscape birds: the FBI or farmland bird index [12, 13] . From among 22 indicator species, all are directly or indirectly connected with permanent grassland. According to Stasiak et al. [14] , studies carried out as part of monitoring the impact of agri-environmental programs on avifauna showed a significantly positive impact of the share of permanent grassland on the average number of birds from the FBI's "basket." Unfortunately, many years of research have documented a steady decline in the bird population in agricultural areas throughout Europe.
This pattern of long-term decline was not visible in bird communities of other habitats, which suggests that the decline in bird population in agricultural areas was caused by factors specific to this habitat, and not part of the general decline in bird population on the continent [15] .
The same situation takes place in Poland, where, according to recent studies, the FBI index reached its lowest level in 2017 in the entire 18-year monitoring period ( Fig. 1 ). For the first time, the value of this indicator fell to 80% of the value obtained by the indicator in the reference year (2000). This confirms once again that birds associated with the agricultural landscape have been in a disadvantageous and constantly deteriorating situation for a long time. This is even more disturbing if one takes into account the fact that strong downward tendencies are also recorded among several field species not included in the FBI [16] .
The preservation of extensively used, large grassland areas also has a significant, positive impact on insect populations, some of which are extremely important pollinators, as demonstrated by studies conducted, among others, in the Czech Republic, in Sweden, in Finland and even in Japan [17] [18] [19] [20] . In Austria, 1041 species of insects were found in habitats associated with grasslands, of which up to 85% were endangered species found in the "Red Book" [21] . Permanent grasslands are also key areas for preserving the natural values of rural areas -buffer zones for surface waters and areas enhancing water retention (counteracting floods) [22] [23] [24] . The ability to create a mundane, relatively compact coat by grassy communities means that they have a greater impact on the composition of the atmosphere than other plant communities. Concentrations of CO 2 carbon dioxide (which is about 50% heavier than air) is higher in the above-ground layer, which facilitates its collection by meadows and pastures. An average agricultural crop uses about 150 kg of CO 2 per ha per day. From other findings, it appears that a similar grassland expels 100 kg of O 2 per ha from the atmosphere during the day [25] .
Another important function of permanent grasslands is their prevention of erosion, which has a negative impact on soil fertility, suitability for cultivation, and contributes to the pollution of surface waters. Without the permanent cover of plants, the amount of washed soil rises from a few to a dozen t / ha / year, which reduces the thickness of the humus layer. The permanent and firmly rooted turf of permanent grassland also mitigates the effects of wind erosion [26] .
Unfortunately, in 1993-2011, the area of permanent grassland decreased by 6.4% in the old EU countries and by 11.8% in the new member states [27] . Many European grasslands of high natural value are still threatened by the change of land use that previously created and maintained them, i.e., intensification (including increasing cattle density), abandonment and afforestation [28, 29] .
On the level of biodiversity of grasslands, apart from environmental factors, there is also a way to use them [30] . This particularly applies to mowing and grazing. The abandonment of these practices is the cause of secondary succession manifested by gradual overgrowing of unused areas, e.g., through bushes and trees, which is associated with the loss of the nature of the open landscape and the withdrawal of animal species associated with it. This problem is increasingly affecting grassland in large river valleys in Poland [31] [32] [33] . The question of the use of permanent grassland in the case of birds that use the grasslands for nesting places or constitutes their basic and, in many cases, only food base, is extremely interesting. On the one hand, it is known that the intensification of agriculture was one of the most important factors contributing to the decline in the population of many species of birds (partridge, corncrake, etc.) [34, 35] . Research conducted in the United Kingdom, however, showed that there is no unambiguous answer to the question of which system of use is the most desirable, as it depends, among others, on the season, bird species and behavior, type of use, size of the plot, and the occurrence of natural lands [5, 36] .
Milk production is an important part of Polish, European, and world agriculture. However, with the production of milk some issues appear. The first is the problem with the environment. The increasing production of milk requires more grassland. Each year the area of grassland in Poland is decreasing. More agricultural land is diverted to other uses, including roads and the development of businesses.
The development of agriculture was dependent on industrialization. It included the inflow of new machinery, technologies and investment in agriculture. Conventional farming is based on an agricultural production increase based on mechanization and chemical fertilizers. A lack of knowledge about the negative consequences of intensive farming on the natural environment contributed to worsening food quality and animal welfare. For a long period of time the economic issues were more important than the environmental ones. Such a situation was typical for dairy farms because their owners invested in modernization, new varieties of dairy cows and new fodders. Milk producers are interested in increasing a cow's milk yield and did not foresee the negative consequences of such activities. Unfavorable phenomena associated with the increase in milk yield of cows include metabolic diseases, udder diseases, deterioration of milk quality, increases in somatic cell content, poorer chemical composition of the milk, problems with sagging and shortening the life of cows. Higher milk yield can lead to limb damage and difficulties in their calving. The research carried out by Runowski [37] proves that if there is higher individual productivity in cows, then the longer period from calving to effective insemination appears. This means nothing but a deterioration of ecological and ethical goals. The life of cows is shortened due to the occurrence of numerous diseases associated with excessive exploitation of animals. Maximizing the economic effects in dairy farming can promote deterioration of ecological and ethical goals.
Such problems are not typical for organic dairy farming, which produces milk using home-produced fodder. Moreover, the animals live longer as they are not exploited so intensively. Raising ecological cows favors improved cow health, a lower rate of death loss, and lower costs of herd replacement [38] . But the most important problem is lower economic efficiency and productivity of organic dairy farming in comparison to conventional.
This article is organized as follows. First, we present an introduction. Second, we describe the efficiency of rapeseed production. Next, we present our aims and methodology. The next part of our paper deals with the problem of meadows and pasture decreases. Later, we present changes in milk production. The final part is the conclusion.
Material and Methods
The aim of our paper was to analyze changes in the grassland in Poland and its impact on milk production in Poland in 2005-2017.
The authors of the paper wanted to address following questions: 1. What are the changes in meadows and pasture areas? 2. How have milk production, milk per cow yield and cow numbers changed? 3. Have the changes in pastures and meadows had an impact on milk production, cow numbers and milk per cow?
We used main statistical office data to show the changes and presented the results using descriptive, tabular, and graphical forms to describe the changes. Our source of information was also the milk market [39] .
We also wanted to answer the question if the area of meadows and pastures have an impact on milk production, milk yields and cow numbers. Pearson correlation coefficients were calculated, allowing us to determine the dependence of variables. In order to determine the impact of macroeconomic variables on the efficiency of agriculture, a regression method was used. Due to the fact that between the surface of meadows and pastures, a high correlation coefficient of interrelations between variables was observed and we used linear regression, which is described by the following formula [40] :
Variables were sequentially explained: Y 1 (the cows heads), Y 2 (milk production), Y 3 (milk per cow). However, the explanatory variables were successively: X 1 (meadows area), X 2 (pastures area). We used the method of least squares to conduct the linear regression analysis.
Results and Discussion
Each year we can observe changes in land use worldwide. Generally more land is used for roads, businesses, and buildings and less land is devoted to agricultural production. Fan et al. [41] found that in China the rapid growth rate of forest land was in sharp contrast with the decrease of cultivated land. As Wang et al. claim [42] , changes in the spatial pattern of land use alter the structure and function of ecosystems and then affect ecosystem services. That is why the EU has undertaken activities with a goal to preserve the most endangered species. The Natura 2000 network is designed to preserve valuable natural habitats across their entire natural range within the EU [43] .
The permanent meadows are very important assets of farms, especially in milk production. They are a basis of fodder during the whole year. The intensive milk production is characterized by using chemical fertilizers, which cause from one side the development of grass production and increase problems with species on the other side.
The results in Table 1 present big changes in permanent meadows in Poland. All voivodeships in Poland recorded the decrease in the area of permanent meadows. Particularly high decreases have been observed in 2007-2017 in Dolnośląskie Voivodeship (-6,8%), Opolskie Voivodeship (-9,5%), Wielkopolskie Voivoedship (-6,2%), and Podkarpackie Voivodeship (-5,1%). The smallest decreases were observed in Podlaskie Voivodeship (-1,4%), Świetokrzyskie Voivodeship (-2,1%), and Mazowieckie Voivodeship (-2,7%).
Such changes in permanent meadows have an impact on natural habitat decreases. According to Brzank et al. [44] , the effective maintenance of favorable status of natural habitat requires the better form of payments. According to the author, the CAP "greening" in current perspective (2014-2020) gives farmers a choice of the most appropriate management to increase biodiversity in farmlands.
Permanent pastures deliver fodders, especially during summer. Less effective milk production is based on cow feeding. Pasture grazing has a positive effect on grassland as it provides organic fertilizers, preserves soil and does not destroy organic matter and the organisms that live in these areas.
The area of permanent pastures is presented in Table 2 . The analysis has confirmed the decrease of permanent meadows in Poland. Particularly high decreases have been observed in 2007-2017 in Opolskie Voivodeship (-12,4%), Wielkopolskie Voivodeship (-10,2%) and Lubelskie Voivodeship (-7,8%). The smallest decreases have been observed in Podlaskie Voivodeship (-1,9%), Małoplskie Voivodeship (-2,5%) and Lubuskie Voivodeship (-3,4%).
The effects of the decrease of permanent meadows and pastures in Poland and other countries of the EU and world are the effects of human activity, forest clearance, and, to a lesser extent, burns and wetland drainage aimed at providing fodder for domestic livestock [44] .
Milk production in a broader sense is conditioned by two factors. The first is the stock of dairy cows. According to CSO [45] in 2017, the number of dairy cows amounted to 2152.8 thousand heads, while in 2018, 2214 thousand heads, therefore the stock of dairy cows increased by 2.8% (Fig. 2) . The largest dairy Source: own calculations on the basis of the milk market…2018 [39] cow numbers was recorded in Mazowieckie Voivodship (503,900 heads), while the smallest change occurred in Lubuskie Voivodeship (14,000 heads). In 2007-2017, the cow population decreased (-25.8%) [46] . Compared to 2014 and 2015, the number of cows in 12 provinces decreased from 1% to 24% in 2017. The most was in Lubuskie Voivodeship, totaling almost 1/4. In the Warmińsko-Mazurskie, Pomorskie and Lubuskie voivodships, the population was reduced by 2.4-3%. In the Wielkopolskie and Podlaskie voivodships, the number of dairy cows increased by approx. 4%. More and more small and low-efficiency farms are withdrawing from milk production, which leads to a reduction in domestic herds. In large farms, where the production potential was limited by milk quotas, the stock will increase. Reductions can also counter the subsidies for farmers keeping herds from 3 to 30 cows [47] .
The largest concentration of milk production occurs in Wielkopolskie, Podlaskie and northern voivodeships of Mazowieckie Voivodeship. Considerable fragmentation of the herd is a characteristic feature of dairy cattle breeding in Poland. About 250,000 farms maintains only 1-2 cows. Therefore, the average size of the herd does not exceed 5 cows. Within 8 years, the concentration of cow breeding has not changed. The main factors in the area of milk production were historical conditions [46] .
The current situation on the milk market is caused by the increase in the stock. The year 2018 was one of the best in terms of price per liter of milk produced. In the last month of 2018, farmers received an average of PLN 1.40 per liter. The highest price (PLN 1.47 per liter) was received by farmers in Podlaskie Voivodship. In this region, the main recipients are OSM Piątnica, which has been recording the highest price for years. The next recipient of milk is SM Mlekovita, which has a large share on the EU market and exports a lot of dairy products to countries outside the community. The preparations include: butter, cheese and powdered milk. In turn, the lowest price per liter was received by producers from Małopolska Province (PLN 1.26 per liter). This is due to the small supplies and herd sizes [45] .
The current situation in the milk market is quite promising. According to the European Commission's analysts, drought in the eastern part of Europe and New Zealand will result in the lack of a feed base, which will reduce supplies. Poland will not be affected that much. Another issue is the decreasing stocks of skim milk powder (SMP). The international production can be complemented on the market by a 20% increase in imports of dairy products from the United States [45] .
The reverse situation on the milk market was after the release of milk quotas in force from 1984 to 2015. Lack of restrictions on milk production caused an increase in the supply of raw material and there was no market for it. One of the activities of the European Commission was the intervention purchase of milk powder, which slightly improved the situation on the market. The abolition of milk quotas caused an increase in milk deliveries to dairies by 2.2%. The share of milk delivered to the dairy processors in 2015 increased to 83% in comparison to 2005 [46] . This is a consequence of the high profitability of production in 2013-2014, and preparations for the abolition of milk quotas. Producers who exceeded the amount had to pay significantly higher penalties. A significant facilitation is the possibility of spreading the repayment for 3 years, which protects many households from bankruptcy. This situation will reduce the profitability of production in 2015-2017 [47] .
The second factor conditioning milk production is the milk yield of cows, which is systematically growing. This results mainly from breeding progress. Herds are genetically improved by insemination with high-quality semen and the purchase of animals from abroad. The average annual cow milk production in 2010 amounted to 4487 liters, while in 2017 this value amounted to 5687 liters (a 26.7% efficiency increase). In the corresponding period, domestic production of cow's milk increased 11.6% [45] .
In 2016, the milk yield of cows increased by 5.5% compared to the previous year. Technological progress contributes to the growth of cow's milk yield. This is evidenced by the increasing number of cows under the control of the animal's usability. In 2014, the control covered 20 thousand farms. The improvement of milk production is limited by the physical and economic difficulties associated with obtaining good quality feed. It is caused by drought, which occurred in 2015. Drought particularly affected central and northeastern Poland. The hay harvest was much lower. Poor corn yield caused lower silage quality. Despite the difficult situation of many farms, average cow productivity in Poland was 6235 liters per cow in 2017. It is still lower than in the EU-15 countries, where the productivity is at the level of 7267 kg. It is estimated that future milk production will increase. However, the increase of milk production may cause serious environmental problems and is not consistent with sustainable development. This order is based on three following components: social, economic and environmental [48] . Intensive milk production can have a negative impact on the environment, which is why the more effective methods of conservation biodiversity, particularly in lands used for agricultural production and rural areas, should be introduced [49] .
At the same time, in 2005-2017 milk production increased by nearly 12% as a result of improved cow productivity, which in 2005-2017 increased by nearly 50.2% (Fig. 3 ). On the one hand, this fact should be assessed positively, on the other, however, one should be aware that Poland is a country with lower milk yield in relation to the United States or many countries in the EU [46] .
The authors of the paper have analyzed the descriptive statistics for milk and permanent meadows and pastures. Our analysis has found that the highest coefficient of variation was observed in yields of cows (13,82%) and the heads (11,01%) and milk production (3,67%). The area of pastures (1,94%) and meadows (1,50%) had a lower coefficient of variation ( Table 3) .
The average yields of cows were 5041 liters in 2005-2017, the minimum was 4213 and the maximum was 6330 liters. The average heads were 2 425,8 thousand and the maximum was 2754 thousand head and the minimum was 2000 thousand head.
Kurtosis and skewedness are asymmetry measures. Kurtosis reached negative values, indicating that they were different in the analyzed period in relation to the mean. Skewedness is positive if the tail on the right side of the distribution is longer or fatter than the tail on the left side. Only the heads of cows achieved negative skewedness.
Research on the trends of changes in the milk market in Poland shows that milk production is also important in creating the value of global agricultural production. Due to the importance of this raw material for agriculture, it is necessary to evaluate the organization Fig. 3 . Heads, production and milk yield of cows in Poland (thousands); source: own elaboration on the basis of the milk market [39] . Source: own elaboration on the basis of the milk market 2018 [39] and production economics, taking into account the current trends and competitive position of Polish farms. The analysis of the calculated coefficients correlation ( Table 4) shows that there is a statistically significant and very strong dependence of the number of cows, milk yield of cows and milk production on the size of meadows and pastures. At the same time, the production of milk depends on the size of meadows and pastures, and milk yield is the least important.
The correlation coefficients confirmed the positive relationship between variables. A large share of meadows and pastures in farms has a positive impact on the organization of their use. It allows for keeping a certain number of animals (especially cattle) with slightly lower yields of hay and pasture feed resulting from restrictions on farms, including organic farms.
Finally, we have conducted the regression analysis to measure if meadows and pastures have an impact on cow numbers, milk production and milk yields ( Table 4 ). Our analysis proved that the area of meadows had an impact on cow numbers, which means that the decrease of meadows area had an impact on the decrease of the heads of cows. All the models were fitted well because the R-squared was high.
Data analysis shows that there is a statistically significant relationship between the cow population and the pasture area. As the number of cows increases, the surface of the pastures increases (Table 5 ). This is a natural phenomenon conditioned by the nutritional needs of the animals. This dependence can be written with Eq. 1: Y = 0.008719 x -11789.6 r 2 = 0.927 (1) A similar relationship occurs between the cow's population and the surface of meadows, and is reflected by Eq. 2: Y = 0.007528x -14781.6 r 2 = 0.961 (2) A different situation concerns the relationship between the milk yield of cows and the surface of meadows and pastures. As the milk yield of cows increases, the area of pastures decreases. This is probably due to the cow feeding system. This relationship is illustrated by Eq. 3. Y = -0,02534x + 46388.3 r 2 = 0.904 (3) The same dependence applies to the milk yield of cows and meadows. You can save it with Eq. 4: Y = -0.0216x + 54461.89 r 2 = 0.914 (4) All regression equations presented have a high coefficient of determination (r 2 ), which indicates a high level of fit of the models.
The Polish dairy sector has been changing after the accession to the EU. The changes are typical for countries that introduced Common Agricultural Policy (CAP) and include agriculture, food and rural areas. These changes include legislation of safety and quality of food and environmental standards and international trade [50] . Changes that appeared in the Polish dairy sector are typical for agriculture as a whole and include [51] : -Reduction of farm numbers.
-Decline in the employment in agriculture.
-Concentration of production.
Conclusions
The aim of the paper was to analyze changes in the land, mainly grassland in Poland and its impact on the milk production in Poland in 2005-2017. Land is a basic and crucial resource for economic development. The dynamic change of land use is an important element of rational planning of land resources.
Our results indicate big decreases in the area of permanent meadows and pastures in Poland in 2005-2017. These results may indicate possible problems for the environment. The population of birds, which are natural inhabitants, has decreased as a result of intensive milk production in rural areas and exploitation of grasslands. This confirms that birds living in the agricultural landscape have been at a disadvantageous and constantly deteriorating situation for a long time.
The coefficient of variation informs us that the highest coefficient of variation was observed in milk yields of cows (13,82%) and the heads (11,01%) and milk production (3,67%). Such serious changes created not only income increases of farms engaged in milk production, but also a concentration of milk in some voivodeships in Poland. Podlaskie, Mazowieckie and Wielkopolskie voivodeships are the regions with the biggest milk production and concentration.
On the other side, the population of dairy cows decreased in Poland while the average milk yield by cow increased. This was the effect of using more productive cow species and more intensive milk production. Closed cow breeding in cowsheds has created bigger milk production from one side, but the natural inhabitant's population has decreased.
Our analysis of regression points out that the decrease of meadow area had an impact on the decrease of cow numbers. In the analyzed time 2005-2017, the production of milk increased almost 12% and cow yields almost 50%. This could only be achieved by better and more effective cow breeds and a more effective system of feeding. However, these changes have created the problem of meadows and pasture exploitation.
